New, wide-range reference equations for the thermal conductivity of ethene and propene as a function of temperature and density are presented. The equations are based in part upon a body of experimental data that have been critically assessed for internal consistency and for agreement with theory whenever possible. For ethene, we estimate the uncertainty (at the 95% confidence level) for the thermal conductivity from 110 to 520 K at pressures up to 200 MPa to be 5% for the compressed liquid and supercritical phases. For the low-pressure gas phase (to 0.1 MPa) over the temperature range 270-680 K, the estimated uncertainty is 4%. The correlation is valid from 110 to 680 K and up to 200 MPa, but it behaves in a physically reasonable manner down to the triple point and may be used at pressures up to 300 MPa, although the uncertainty will be larger in regions where experimental data were unavailable. In the case of propene, data are much more limited. We estimate the uncertainty for the thermal conductivity of propene from 180 to 625 K at pressures up to 50 MPa to be 5% for the gas, liquid, and supercritical phases. The correlation is valid from 180 to 625 K and up to 50 MPa, but it behaves in a physically reasonable manner down to the triple point and may be used at pressures up to 100 MPa, although the uncertainty will be larger in regions where experimental data were unavailable. For both fluids, uncertainties in the critical region are much larger, since the thermal conductivity approaches infinity at the critical point and is very sensitive to small changes in density. C 
Introduction
In a series of recent papers, new reference correlations for the thermal conductivity of normal-and parahydrogen, 1 water, 2 SF 6 , 3 toluene, 4 benzene, 5 n-hexane, 6 n-heptane, 7 methanol, 8 ethanol, 9 and ortho-xylene, meta-xylene, para-xylene, and ethylbenzene, 10 covering a wide range of conditions of temperature and pressure, were reported. In this paper, the work is extended to the thermal conductivity of ethene (commonly known as ethylene) and propene (commonly known as propylene).
The goal of this work is to critically assess the available literature data, and provide wide-ranging correlations for the thermal conductivity of ethene and propene that are valid over gas, liquid, and supercritical states, and incorporate densities provided by the equation of state of Smukala et al. 11 for ethene and the recent equation of state of Lemmon et al. 12 for propene. It was decided to treat the two compounds in one paper, since they are quite similar in their thermophysical properties and are often found together.
It should be noted that, in 1983, Holland et al. 13 published a correlation for the thermal conductivity of ethene covering a temperature range 110-500 K and pressure to 50 MPa, with an uncertainty of 5% increasing to 10% in the dense liquid range. Since 1983, new measurements have been published; in particular, the measurements of Millat et al. 14 performed in an absolute transient hot-wire instrument with an uncertainty of 0.3%-2%. These measurements were of particular importance, as the authors investigated the problems associated with the application of the transient hot-wire technique in the lowpressure gas region. Furthermore, after 1988, the behavior of the thermal conductivity in the critical region has been able to be modeled much better because of advances in theory. 15, 16 These two factors allow us to propose an improved reference correlation for the thermal conductivity of ethene in this paper. In addition, we are unaware of any wide-ranging correlations for the thermal conductivity of propene, so the present work addresses that problem.
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Methodology
The thermal conductivity, λ, is expressed as the sum of three independent contributions as
where ρ is the density, T is the temperature, and the first term, λ o (T) = λ(0,T), is the contribution to the thermal conductivity in the dilute-gas limit, where only two-body molecular interactions occur. The final term, ∆λ c (ρ,T), the critical enhancement, arises from the long-range density fluctuations that occur in a fluid near its critical point, which contribute to divergence of the thermal conductivity at the critical point. Finally, the term ∆λ(ρ,T), the residual property, represents the contribution of all other effects to the thermal conductivity of the fluid at elevated densities. The identification of these three separate contributions to the thermal conductivity and to transport properties in general is useful because it is possible, to some extent, to treat both λ o (T) and ∆λ c (ρ,T) theoretically. In addition, it is possible to derive information about λ o (T) from experiment. In contrast, there is almost no theoretical guidance concerning the residual contribution, ∆λ(ρ,T), so that its evaluation is based entirely on experimentally obtained data.
The analysis described above should be applied to the best available experimental data for the thermal conductivity. Thus, a pre-requisite to the analysis is a critical assessment of the experimental data. For this purpose, two categories of experimental data are defined: the primary data employed in the development of the correlation, and the secondary data used simply for comparison purposes. According to the recommendation adopted by the Subcommittee on Transport Properties (now known as The International Association for Transport Properties) of the International Union of Pure and Applied Chemistry, the primary data are identified by a well-established set of criteria. 17 These criteria have been successfully employed to establish standard reference values for the viscosity and thermal conductivity of fluids over wide ranges of conditions, with uncertainties in the range of 1%. However, in many cases, such a narrow definition unacceptably limits the range of the data representation. Consequently, within the primary data set, it is also necessary to include results that extend over a wide range of conditions, albeit with a poorer accuracy, provided they are consistent with other more accurate data or with theory. In all cases, the accuracy claimed for the final recommended data must reflect the estimated uncertainty in the primary information.
The dilute-gas limit
In order to be able to extrapolate the temperature range of the measurements, a theoretically based scheme was preferred in order to correlate the dilute-gas limit thermal conductivity, λ o (T), over a wide temperature range. The traditional kinetic approach for thermal conductivity results in an expression involving three generalized cross sections. 18, 19 However, it is possible to derive an equivalent kinetic theory expression for thermal conductivity by making use of the approach of Thijsse et al. 20 and Millat et al., 21 where one considers expansion in terms of total energy, rather than separating translational from internal energy as is done traditionally. In this case, the dilute-gas limit thermal conductivity, λ o (T) (mW m −1 K −1 ), of a polyatomic gas can be shown to be inversely proportional to a single generalized cross section, [18] [19] [20] [21] 
where k B is the Boltzmann constant, T(K) is the absolute temperature, f λ is the dimensionless higher-order correction factor, m (kg) is the molecular mass, and ⟨ν⟩ o = 4 √ k B T/πm (m/s) is the average relative thermal speed. The quantity r 2 is defined by
is the contribution of both the rotational, C o rot , and the vibrational, C o vib , degrees of freedom to the isochoric ideal-gas heat capacity C o v . The recent classical trajectory calculations [22] [23] [24] confirm that for most molecules studied, the higher-order thermalconductivity correction factor is near unity. One can take advantage of this finding to define the effective generalized cross section S λ (=S(10E)/ f λ ) (nm 2 ) and rewrite Eq. (2) for the dilute-gas limit thermal conductivity,
where C λ is a constant obtained from the molecular mass and Eq. (2) for each fluid, and the ideal-gas isobaric heat capacity,
can be obtained from the literature. It has been previously noted, 21 and recently confirmed 19 for smaller molecules, that the cross section S(10E) exhibits a nearly linear dependence on the inverse temperature. Hence, experimental data will be employed to obtain coefficients a 0 (nm 2 ) and a 1 (nm 2 K) in
Although the scheme described by Eqs. (3) and (4) is strictly valid for smaller molecules, it has been found to work very well as a correlation tool for larger molecules. 4, 5, 7, 9 Hence, Eqs. (3) and (4) form a consistent set of equations for the calculation of the dilute-gas limit thermal conductivity.
The residual thermal conductivity
The thermal conductivities of pure fluids exhibit an enhancement over a large range of densities and temperatures around the critical point and become infinite at the critical point. This behavior can be described by models that produce a smooth crossover from the singular behavior of the thermal conductivity asymptotically close to the critical point to the residual values far away from the critical point. 15, 25, 26 The density-dependent terms for thermal conductivity can be grouped according to Eq. (1) as [∆λ(ρ,T) + ∆λ c (ρ,T)]. To assess the critical enhancement theoretically, we need to evaluate, in addition to the dilute-gas thermal conductivity, the residual thermal-conductivity contribution. The procedure adopted during this analysis used ODRPACK (Ref. 27 ) to fit all the primary data simultaneously to the residual thermal conductivity and the critical enhancement, while maintaining the values of the dilute-gas thermal-conductivity data already obtained. The density values employed were obtained by the equation of state of Smukala et al. 11 for ethene and that of Lemmon et al. 12 for propene. The primary data were weighted in inverse proportion to the square of their uncertainty.
The residual thermal conductivity was represented with a polynomial in temperature and density,
Coefficients B 1,i and B 2,i are obtained for each fluid separately, employing the corresponding primary data.
The critical enhancement
The theoretically based crossover model proposed by Olchowy and Sengers 15, 25, 26 is complex and requires solution of a quartic system of equations in terms of complex variables. A simplified crossover model has also been proposed by Olchowy and Sengers. 16 The critical enhancement of the thermal conductivity from this simplified model is given by
In Eqs. (6)- (8), k B is the Boltzmann constant,η is the viscosity, and C p and C v are the isobaric and isochoric specific heat obtained from the literature for each fluid. The correlation length ξ is given by
In the above equations for the two fluids studied, values for the universal amplitude, R D = 1.02 (-), and the universal critical exponents, ν = 0.63 and γ = 1.239, were employed, using a universal representation of the critical enhancement of the thermal conductivity (based on a simplified solution of mode-coupling theory with fluid-specific parameters determined by a corresponding states method) by Perkins et al. 28 Furthermore, for each fluid, the same scheme was employed to estimate the values of Γ (m) and ξ 0 (m), the amplitudes of the asymptotic power laws, while the effective cutoff wavelength q −1 D (m) was calculated by employing the selected primary experimental data. [4] [5] [6] [7] 10 The measurements of Golubev et al., 35 extending to a very wide range of temperatures and pressures, were performed in an absolute hot-wire instrument with an uncertainty of 1.5% rising to 3% near the critical region. Measurements from this investigator have also been successfully employed in previous reference correlations 6, 8, 9 and thus were also considered as primary data. A hot-wire instrument was also employed by Tarzimanov and Lozovoi 33 and Tarzimanov and Arslanov 34 to perform measurements at higher temperatures and pressures, with an uncertainty of 1.5% rising to 3% near the critical region. Measurements of this group have also been successfully employed in previous reference correlations. 8, 9 The measurements of Prasad and Venart, 31 performed in an absolute transient hot-wire instrument with an uncertainty of 1.5%, also extended to higher pressures, and were thus included in the primary data. The measurements of Vargaftik and Vanicheva, 32 performed in a hot-filament instrument with an uncertainty of 1%-2%, were also included in the primary data set as they extend to higher temperatures. Measurements at higher temperatures were also performed by Senftleben 36, 38 and Senftleben et al. 40 in a concentric-cylinder instrument with an uncertainty of 1%-2%. Concentric-cylinder instruments were also employed by Zheng et al., 29 Yorizane et al., 30 and Lenoir and Comings 39 with uncertainties of 3%, 3%, and 1.5%, respectively; thus, these sets were also included in the primary data sets. The measurements of Lambert et al., 37 performed in a hot-wire apparatus, have been successfully employed in previous reference correlations. [5] [6] [7] [8] Finally, the measurements of Borovick, 41 Borovick et al., 42 and Eucken 43 were included in the primary data set, as they extend to low temperatures. The remaining sets were considered as secondary data. Figures 1 and 2 show the range of the primary measurements outlined in Table 1 , and the saturation curve may be seen in Fig. 2 . Temperatures for all data were converted to the ITS-90 temperature scale. 53 The development of the correlation requires accurate values for the density; Smukala et al. 11 have reviewed the thermodynamic properties of ethene and devel-F. 1. Temperature-pressure range of the primary experimental thermal conductivity data for ethene. oped an accurate, wide-ranging equation of state. For the density, the estimated uncertainty of the new equation of state is less than ±0.02% for pressures up to 12 MPa and temperatures up to 340 K with the exception of the critical region. Outside the range mentioned above, the estimated uncertainty is less than ±0.03% for pressures up to 30 MPa and temperatures between 235 and 350 K. We also adopt their values for the critical temperature, T c , the critical density, ρ c , and the triplepoint temperature as 282.35 K, 214.24 kg m −3 , and 103.986 K, respectively. Finally, as already mentioned, the isobaric idealgas heat capacity was obtained from the same source. 11 
Thermal-Conductivity Correlations
The correlation for ethene
The dilute-gas limit of ethene
The isobaric heat capacity, C o p (=C o int + 2.5 k B ), can be obtained from Smukala et al. 11 as
where τ = T c /T is the inverse reduced temperature. The values of the coefficients a i and θ i are a 0 = 3. 29, 30, 36, [38] [39] [40] in the primary-data section of Table 1 , who performed measurements with different instruments (other than THW) in the low-pressure low-density gas region, were included as primary data in the correlation. These measurements were employed together with Eqs. (10) and (11) in order to obtain the coefficients a 0 (nm 2 ) and a 1 (nm 2 K), of Eq. (4), as S λ = 0.129 + 96.085/T.
Equations (10)-(12) form a consistent set of equations for the calculation of the dilute-gas limit thermal conductivity of ethene. The values of the dilute-gas limit thermal conductivity, λ 0 (T) in mW m −1 K −1 , obtained by the scheme of Eqs. (10)- (12) , were fitted as a function of the reduced temperature T r = T/T c for ease of use to the following equation: 
Values calculated by Eq. (13) do not deviate from the values calculated by the scheme of Eqs. (10)-(12) by more than 0.02% over the temperature range from 180 K to 680 K. Equation (13) is hence employed in the calculations that will follow. Figure 3 shows the primary dilute-gas thermal-conductivity values of the selected investigators, and the values calculated by Eqs. (10)- (12) , as well as the values calculated by the correlation of Holland et al., 13 as a function of the temperature. In Fig. 4 , percentage deviations of the primary dilute-gas thermal-conductivity values of ethene from the scheme of Eqs. (10)-(12) are also shown. They all agree with the present correlation within a maximum deviation of 4%. Based on these measurements, the uncertainty of the correlation, at the 95% confidence level over the temperature range 270-680 K, is 4%. The correlation behaves in a physically reasonable manner over the entire range from the triple point to the highest temperature of the experimental data, 673 K; however, we anticipate that the uncertainty may be larger in the areas where data are unavailable and the correlation is extrapolated.
In Fig. 5 , the remaining dilute-gas thermal-conductivity values are shown. These consist of the transient hot-wire and hot-wire primary measurements at low pressures that, as mentioned earlier, are inaccurate in the dilute-gas region, and all the secondary dilute-gas thermal conductivity measurements. The distinct difference in slope is in large part attributed to this effect of employing the transient hot-wire technique in the dilute-gas region. We note that the correlation of Holland et al. 13 was based only on this group of measurements, since the measurements of Millat et al. 14 
The residual and the critical-enhancement contributions of ethene
As already mentioned, the coefficients B 1,i and B 2,i in Eq. thermal conductivity by Perkins et al. 28 The viscosity required for Eq. (6) was calculated with the correlation of Holland et al. 13 The reference temperature T ref , far above the critical temperature where the critical enhancement is negligible, was calculated by 56 which for ethene is 423.53 K. The coefficients B 1,i and B 2,i of Eq. (5) obtained are shown in Table 2 . Table 3 summarizes comparisons of the primary data with the correlation. We have defined the percentage deviation as PCTDEV = 100 * (λ exp − λ fit )/λ fit , where λ exp is the experimental value of the thermal conductivity and λ fit is the value calculated from the correlation. Thus, the average absolute percentage deviation (AAD) is found with the expression AAD = (  |PCTDEV|)/n, where the summation is over all n points, and the bias percent is found with the expression BIAS = (  PCTDEV)/n. We estimate the uncertainty (at the 95% confidence level) for the thermal conductivity in the liquid and supercritical phases from 110-520 K and up to 200 MPa to be 5%. Uncertainties in the critical region are much larger, since the thermal conductivity approaches infinity at the critical point and is very sensitive to small changes in density. Figure 6 shows the percentage deviations of all primary thermal-conductivity data from the values calculated by Eqs. (1), (5)- (9) , and (13), as a function of density. Figures 7  and 8 show the same deviations but as a function of temperature and pressure, respectively. Table 4 shows the AAD and the bias for the secondary data. Finally, Figs. 9 and 10 conductivity of ethene as a function of the temperature for different pressures and as a function of the density for different temperatures.
Empirical critical enhancement
For applications at state points that are relatively distant from the critical point (at least 10-15 K from the critical temperature), the critical enhancement is adequately represented by the following empirical expression:
where ∆T c = (T/T c ) − 1 and ∆ρ c = (ρ/ρ c ) − 1. This equation does not require accurate information on the compressibility, specific heat, and viscosity of ethene in the critical region, as does the theory of Olchowy and Sengers. 15 
Recommended values
In Table 5 , recommended values for the thermal conductivity are shown. For checking computer implementations of the correlation, a point is provided for testing code with critical enhancement at 300.0 K and 300.0 kg m −3 (8.8571 MPa), where the thermal conductivity is 69.62 mW m −1 K −1 ; the dilute-gas thermal conductivity, λ o (300 K) = 21.01mW m −1 K −1 , the residual term ∆λ(300.0 kg m −3 , 300 K) = 44.48 mW m −1 K −1 , and the critical enhancement term, ∆λ c (300.0 kg m −3 , 300 K) = 4.12 mW m −1 K −1 . The viscosity used in the calculation of the enhancement for this state point is 33.791 µPa s, obtained from the correlation of Holland et al. 13 Table 6 summarizes, to the best of our knowledge, the experimental measurements of the thermal conductivity of propene reported in the literature. Only nine sets of measurements were found.
The correlation for propene
The measurements of Yata et al. 57 and Swift and Migliori 58 were both obtained in transient hot-wire instruments backed by a full theory, with an uncertainty of 1% and 3%, respectively. These measurements were considered as primary data. The measurements of Parkinson et al., 59 although a bit older than the previous ones, were also performed in a transient hotwire instrument with a 2% uncertainty and were part of the primary data set. Furthermore, for the reason given in Section 3.1.1, the measurements of Senftleben, 36 et al., 40 and Lambert et al. 37 also formed part of the primary dataset. However, the last three temperatures (over 423 K) of Senftleben et al. 40 were disregarded because they showed unexpected large deviations from the rest of the data. Finally, two more sets of measurements were considered as primary data for propene, although they were not so in the case of ethene: (a) the measurements of Kolomiets 46 performed in a hot-wire instrument with unknown uncertainty, and (b) the measurements of Naziev 60 performed in a concentric-cylinder instrument with a 1.4% uncertainty. These two sets of data in the case of ethene showed larger deviations than the rest of the measurements, and since in ethene there existed a large number of additional data, these were regarded as secondary. However, in the case of propene, the lack of measurements forces us to consider these two sets as primary, but with a lower weight. Figures 11 and 12 show the range of the primary measurements outlined in Table 6 , and the saturation curve may be seen in Fig. 12 . Temperatures for all data were converted to the ITS-90 temperature scale. 53 The development of the correlation requires accurate values for the density; Lemmon et al. 12 have reviewed the thermodynamic properties of propene and developed an accurate, wide-ranging equation of state. For the density, the estimated uncertainty of the new equation of state is less than ±0.02% for pressures up to 30 MPa and temperatures up to 400 K with the exception of the critical region. We also adopt their values for the critical temperature, T c , the critical density, ρ c , and the triple-point temperature as 364.211 K, 229.63 kg m −3 , and 87.953 K, respectively. 12 Finally, as already mentioned, the isobaric ideal-gas heat capacity was obtained from the same source. 
The dilute-gas limit of propene
The isobaric heat capacity, C o p (=C o int + 2.5 k B ), can be obtained from Lemmon et al. 12 as
where ν 0 = 3, ν 1 = 1.544, v 2 = 4.013, v 3 = 8.923, v 4 = 6.02, u 1 = 324 K, u 2 = 973 K, u 3 = 1932 K, and u 4 = 4317 K. The dilute-gas measurements [36] [37] [38] 40, 46, 59, 60 of Table 6 were employed, together with Eqs. (15) and (16) , in order to obtain the coefficients a 0 (nm 2 ), and a 1 (nm 2 K), of Eq. (4), as S λ = 0.2998 + 108.12/T.
Equations (15)-(17) form a consistent set of equations for the calculation of the dilute-gas limit thermal conductivity of propene.
The values of the dilute-gas limit thermal conductivity, λ 0 (T) in mW m −1 K −1 , obtained by the scheme of Eqs. (15)- (17) , were fitted as a function of the reduced temperature T r = T/T c for ease of use to the following equation: 
Values calculated by Eq. (18) do not deviate from the values calculated by the scheme of Eqs. (15)-(17) by more than 0.04% over the temperature range from 150 to 700 K. Equation (18) is hence employed in the calculations that will follow. Figure 13 shows the primary dilute-gas thermal-conductivity values of the selected investigators and the values calculated by Eq. (18) . In Fig. 14, percentage three highest temperature values of Senftleben, 36 which show an inexplicable very high deviation from the rest of the measurements (and were consequently disregarded), the remaining data agree with the present correlation within a maximum deviation of 5%. Based on these measurements, the uncertainty of the correlation, at the 95% confidence level over the temperature range 180-625 K, is 5%. The correlation behaves in a physically reasonable manner over the entire range from the triple point to 750 K; however, we anticipate that the uncertainty may be larger in the areas where data are unavailable and the correlation is extrapolated.
The residual and the critical-enhancement contributions of propene
As already mentioned, the coefficients B 1,i and B 2,i in Eq. (5) Table 7 . Table 8 summarizes comparisons of the primary data with the correlation. The percentage deviation PCTDEV, the AAD, and the bias percent BIAS were calculated as defined in Sec. 3.1.2. We estimate the uncertainty (at the 95% confidence level) for the thermal conductivity from 180 to 625 K at pressures up to 50 MPa to be 5% for the liquid and supercritical phases. Uncertainties in the critical region are much larger, since the thermal conductivity approaches infinity at the critical point and is very sensitive to small changes in density. Figure 15 shows the percentage deviations of all primary thermal-conductivity data from the values calculated by Eqs. (1), (5)-(9), and (18), as a function of density. Figures 16  and 17 show the same deviations but as a function of temperature and pressure, respectively. Finally, Figs. 18 and  19 show plots of the thermal conductivity of propene as a function of the temperature for different pressures, and as a function of the density for different temperatures.
Empirical critical enhancement
For applications at state points that are relatively distant from the critical point (at least 10-15 K from the critical temperature), the critical enhancement is adequately represented by the following empirical expression: where ∆T c = (T/T c ) − 1 and ∆ρ c = (ρ/ρ c ) − 1. This equation does not require accurate information on the compressibility, specific heat, and viscosity of propene in the critical region, as does the theory of Olchowy and Sengers. 15, 26, 28 The coefficients of Eq. (5) were fixed and, using Eq. (18), the coefficients of Eq. (19) were fitted to the primary data. The values obtained were C 1 = 0.20 mW m −1 K −1 , C 2 = 0.30, and C 3 = 0.20. 
Recommended values
In Table 9 , recommended values for the thermal conductivity of propene are shown. 
Conclusion
New, wide-ranging reference equations for the thermal conductivity of ethene and propene were presented. The equations are based in part upon a body of experimental data that have been critically assessed for internal consistency and for agreement with theory whenever possible. In the case of the dilute-gas thermal conductivity, a theoretically based correlation was adopted in order to guide extrapolation behavior. In the critical region, the enhancement of the thermal conductivity is well represented by a theoretically based model. 28 The remaining contribution to the thermal conductivity was obtained by fitting critically assessed data to an empirical equation that is a function of temperature and density.
For ethane, the correlation is valid from 110 to 680 K and up to 200 MPa, and we estimate the uncertainty (at the 95% confidence level) for the thermal conductivity from 110 to 520 K at pressures up to 200 MPa to be 5% for the compressed liquid and supercritical phases. For the low-pressure gas phase (to 0.1 MPa) over the temperature range 270 to 680 K, the estimated uncertainty is 4%. The equation of state of Smukala et al. 11 is valid from the triple point (103.986 K) to 450 K at pressures up to 300 MPa. The correlation behaves in a physically reasonable manner over this entire range and we feel that it can be used over the entire range, although the uncertainty will be larger in the high-pressure (200-300 MPa) regions where there were no experimental data. It is difficult to assign an uncertainty where there are no data; we estimate uncertainty of 10%. In the case of propene, the correlation is valid from 180 to 625 K and up to 50 MPa, and we estimate the uncertainty (at the 95% confidence level) for the thermal conductivity from 180 to 625 K at pressures up to 50 MPa to be 5% for the gas, liquid, and supercritical phases. The equation of state for propene 12 is valid up to 1000 MPa; this is well above the upper limits of the data used to develop the correlation (50 MPa) . Although the correlation behaves in a physically reasonable manner, we do not recommend the use of the correlation above 100 MPa. In addition, the propene equation of state is valid to the triple point, 87.953 K, which is considerably lower than the range of experimental data. In the regions of extrapolation from 50 to 100 MPa and for temperatures below 180 K, the uncertainty will be larger, estimated to be 10%. For both correlations, uncertainties in the critical region are also much larger, since the thermal conductivity approaches infinity at the critical point and is very sensitive to small changes in density.
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